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USE OF HONOACYL PH0SPH06LYCERIDES TO ENHANCE 
THE CORNEAL PENETRATION OF OPHTHALMIC DRUGS 

Background of the Invention 

The present Invention relates to the field of ophthalmic 
drug delivery. More particularly, this Invention relates to 
enhancement of the penetration of ophthalmic drugs and other 
therapeutic agents through the cornea of the eye. 

In order for an ophthalmic drug to be therapeutically 
effective, 1t 1s generally necessary for the drug to penetrate 
the cornea and be taken up 1n the aqueous humor, ciliary 
processes and other tissues 1n the eye. There are notable 
exceptions to this general rule, such as drugs or drug products 
which produce a therapeutic effect by acting on the exterior 
surface of the cornea (e.g., drugs or drug products useful In 
improving ocular comfort and/or treating dry or Irritated eyes). 
However, the treatment of conditions involving physiological 
mechanisms within the eye (e.g., glaucoma, diabetic retinopathy, 
cataracts, etc.) generally does require the movement of topically 
applied ophthalmic drugs through the cornea. 

In order for a drug to pass through the cornea, 1t must 
penetrate three layers of tissue, namely, the epithelium, stroma 
and the endothelium. Except for highly lipophilic drugs, the 
epithelium is the main barrier to drug penetration of the cornea. 
Penetration of the stroma basically Involves diffusion of the 
drug through a barrier which is approximately 360 microns thick. 
There are currently no known methods of enhancing drug, 
penetration through the stroma or endothelium. However, it 1s 
possible to enhance the penetration of drugs through the 
epithelium, and thereby enhance the overall absorption of drugs 
applied topically to the eye. The present invention 1s directed 
to such enhancement. 
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There have been prior attempts to enhance the 
penetration of drugs through the corneal epithelium. The goal of 
such attempts has generally been to enhance penetration of drugs 
through the corneal epithelium to an optimal point at which the 
stroma alone controls drug transport through the cornea. The 
prior attempts have Included use of chemical agents to enhance 
the penetration of drugs through the epithelium. It has been 
reported that benzalkonlum chloride (BAC), bile salts, dimethyl 
sulfoxide (DMSO), ethyl enedl amine tetraacetate (EDTA) and 1- 
dodecylazayl-cycloheptan-2-one (AZONER) enhance the corneal 
penetration of certain drugs. The following publications may be 
referred to for further background concerning the use of such 
agents to enhance corneal penetration: Acta Ophthalmologics . 
Vol.53, p.335 (1975); J. Pharm. Pharmacol . T Vol.39, p. 124 (1987); 
Cheffli Abstracts. Vol.106, 1Z593U, p.40Z (1987); Journal of 
EhmaCflUtlO] SdgnctS. Vol. 77, No.l (Jan., 1988); and 
Investigative OohthalmnW and Visual ScjgflCg, Vol. 29, No. 2 
(Feb., 1988). Notwithstanding such prior attempts, there 
continues to be a need for a means of safely and effectively 
enhancing the penetration of drugs through the cornea. 

Summary of the Invention 

A principal objective of the present invention is to 
provide for a method of enhancing the ability of drugs and 
therapeutic agents to penetrate the cornea. A further objective 
of the present Invention Is to provide topical ophthalmic 
compositions containing one or more agents for enhancing the 
corneal penetration of the active ingredlent(s) contained 
therein. 

The foregoing objectives and other general objectives of 
the present Invention are satisfied by the provision of a means 
of enhancing corneal penetration by using a class of compounds 
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referred to herein as "monoacyl phosphoglycer1des M to enhance the 
penetration of ophthalmic drugs through the corneal epithelium. 
In addition, the objectives of the present invention are 
furthered when viscosity enhancing polymers are used 1n 
conjunction with the monoacyl phosphoglycerldes to ensure the 
monoacyl phosphoglycerldes are retained 1n the eye for a 
relatively longer period of time, thus allowing the compounds 
more time to facilitate drug transport through the cornea. 

Brief Description of th« flams. 

Figure I compares the amount of a drug, para-amlno- 
clonldine, found In the aqueous humor of rabbits which were 
administered the drug with and without lysophosphatldyl choline 
C18:0 (Lysopc). 

flWre I I compares the amount of a drug, para- amino- 
clonldlne, found 1n the aqueous humor of rabbits which were 
administered the drug with polyvinyl alcohol (PVA), with lysopc 
and PVA and without either lysopc or PVA. 

Detailed Description of mvimttfln 

The present Invention is based on the discovery that 
ampMpathlc monoacyl phosphoglycerldes effectively and safely 
enhance the corneal penetration of ophthalmic drugs. These 
penetration enhancers can be used 1n compositions comprising any 
ophthalmic drug which, to be effective, must be substantially 
taken up by the aqueous humor, ciliary processes and other 
tissues m the eye upon topical administration. Examples of 
classes of ophthalmic drugs with which the monoacyl 
phosphoglycerides of the present invention can be used, include; 
steroids, growth factors, cyclopleglcs, miotics, mydriatics, 
therapeutic proteins and peptides, antioxidants, aldose reductase 
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Inhibitors, nonsteroidal antiinflammatories, Immunomodulators, 
ant1 allergies, antimicrobials and anti-glaucoma agents. 

The penetration enhancing monoacyl phosphoglycerldes 
used in the present Invention have the following structure: 



wherein one of Rj and R 2 Is hydrogen, thiol, hydroxyl, amino, 
lower alkyl, lower alkoxy (eg, methyl, ethyl, methoxy or ethoxy) 
or alkyl sulfide and the other 1s an esterlfted, etheHfied or 
amidlfled hydrophobic group, and R3 1s a hydrophHic group. The 
preferred hydrophobic groups Include saturated and unsaturated 
aliphatic hydrocarbon groups which range from 14 to 24 carbons in 
length with zero to 5 double bonds. The aliphatic hydrocarbon 
groups can be straight or branched chain and may be substituted 
by one or more aromatic, cydoallphatlc or hydrophHic (e.g. 
hydroxyl, thiol, or amino) groups. Examples of suitable hydro- 
phHic groups (R 3 ) include O-inosltol, choline, O-chollne, 
O-carnltlne, 0-(CH2)3-chol1ne, O-glycerol and 0-lysophosphat1dyl-' 
glycerol. 

The preferred monoacyl phosphoglycerldes are 
lysophosphoHplds, such as lysophosphatldyl choline, lysophos- 
phatidyl Inositol, (lysoledthln), lysocard1ol1p1n, 
lysodesoxyllplds, lysophosphoryllplds and <<-lyso-r-0-alkyl or 0- 
alkenyl phospholipids such as 0L-«:-Lysolec1thin-r-0-hexadecyl 
and DL-^c-Lysoledthin-r-O-alKyl. The most preferred monoacyl 
phosphoglyceride is 1-acyl lysophosphatldyl choline (C18:0, C18:l, 
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C16:0 or C16:l). The 1-acyl lysophosphat Idyl choline C18:0 
(lysoledthln) which 1s most preferred has the following 
structural formula: 



The monoacyl phosphoglycerldes which are useful 1n the 
present Invention may be described as being B amph1patMc\ since 
they include both hydrophllic and hydrophobic groups. While not 
wishing to be bound by any theory, 1t 1s believed that 
ampMpathlc monoacyl phosphoglycerldes enhance the corneal 
penetration of drugs by partition and Interaction with protein, 
glycoprotein and lipid components present 1n the membrane of the 
corneal epithelium. Such Interaction 1s believed to alter the 
degree of order of the proteins and lipids 1n the membrane, 
thereby modifying the function of the epithelium as a barrier to 
drug penetration. Whatever the mechanism, the net result Is that 
drug penetration of the epithelium 1s enhanced. 

The use of monoacyl phosphoglycerldes 1n accordance with 
the present invention to enhance corneal penetration of drugs 
significantly Increases the amount of drug which 1s able to 
penetrate the cornea. The degree of enhancement will vary with 
different drugs, but 1n some cases may be as much as 3-fold or 
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more. Because drugs can more effectively penetrate the cornea, 
less drug Is lost due to flow down the punctum and therefore less 
drug need be administered to effectively treat a particular 
Indication. This 1s particularly beneficial when It 1s necessary 
to administer drugs which cause severe systemic side effects. 

The amount of monoacyl phosphoglycerlde required In 
order to enhance corneal penetration will depend on various 
factors, such as the solubility, partition coefficient and 
molecular weight of the ophthalmic drug or therapeutic agent; the 
exdplents (surfactants, preservatives, polymers) present 1n the 
formulation; and the particular monoacyl phosphoglyceride being 
used. In general, the more lipophilic the drug to be delivered, 
the less monoacyl phosphoglycerlde is required to enhance 
penetration, and the higher the concentration of monoacyl 
phosphoglycerlde, the better the corneal penetration. Typically, 
one or more monoacyl phosphoglycerides will be used 1n an amount 
of from about 0.001* to about 0.5% (weight/volume) preferably 
from about 0.01 to 0.1%. 

The monoacyl phosphoglycerides can be used 1n any 
topical drug delivery system wherein an exciplent or vehicle will 
not substantially impair or prevent the monoacyl 
phosphoglycerides from functioning as corneal penetration 
enhancers. For example, the monoacyl phosphoglycerides can be 
formulated 1n compositions which are solutions, suspensions, 
ointments, gels or films. The type of composition will depend 
on, among other things, the chemical and physical properties of 
the drug or therapeutic agent to be delivered. These properties 
are well known to a person of ordinary skill in the art of drug 
formulation and delivery. 

In a preferred embodiment, the present invention further 
comprises the use of polymers m conjunction with the monoacyl 
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phosphoglycerldes to enhance ocular bioavailability. The longer 
a topical ophthalmic formulation Is 1n contact with the eye the 
better the ocular bioavailability, Through the use of polymers 
1n conjunction with the above described monoacyl phospho- 
glycerldes the compositions of the present Invention are retained 
on the cornea longer. As a result, the penetration enhancing 
components of the compositions can more effectively interact with 
the corneal epithelium to enhance penetration of the desired 
drugs or therapeutic agents Into the eye. It has been found that 
the use of polymers In conjunction with monoacyl 
phosphoglycerldes can provide for up to about a 9 to 10 fold 
increase In the amount of drug or therapeutic agent made 
available to the eye. The effectiveness of the monoacyl 
phosphoglycerldes 1s Improved when the viscosity of the 
compositions containing the monoacyl phosphoglycerldes Is 
Increased up to about 1000 centlpoise (cps), preferably between 
about 50 cps. to 300 cps. Polymers are added to provide for this 
desired viscosity Increase. 

Any synthetic or natural polymer which will increase 
viscosity and Is compatible with tissues of the eye and the 
Ingredients of the monoacyl phosphoglyceride compositions can be 
used. Such polymers are referred to herein as "viscosity 
enhancing, ophthalmlcally acceptable polymers." Examples 
include, but are not limited to: natural polysaccharides and 
gums, such as: alginates, carrageenan, guar, karaya, locust bean, 
tragacanth and xanthan*, and synthetic polymers, such as: 
carbomer, hydroxyethyl cellulose (HEC), hydroxypropyl cellulose, 
hydroxypropylmethylcellulose (HPMC), methyl cellulose, polyvinyl 
alcohol (PVA), polyvinyl pyrrolldone carboxymethyl cellulose and 
agarose. In addition proteins and synthetic polypeptides which 
enhance viscosity and are ophthalmlcally acceptable can be used 
to increase the viscosity of the compositions to provide for 
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better blomll ability. Typically, proteins which can be used 
Include: gelatin, collagen, albumin and casein. 

The preferred viscosity enhancing agents are one or more 
polymers selected from: PVA, HPHC and HEC. The most preferred 
agent 1s HPHC. The viscosity enhancing agents are added to 
provide for compositions with a viscosity of between about 50 and 
300 cps. 

The preferred method for enhancing the penetration of a 
drug or therapeutic agent comprises the use of ^phosphatidyl- 
choline (C18:0) at a concentration of about 0.01% to 0.05% 1n 
combination with the polymer HPHC In an amount sufficient to 
provide a composition with a viscosity of about 50 to about 300 
cps. 

The following examples further Illustrate the 
compositions which, according to the present Invention, comprise 
monoacyl phosphoglycerides, the corneal penetration enhancing 
properties of the monoacyl phosphoglycerides and their use to 
enhance corneal penetration. 

EXAMPLE I 

The following formulation Is ah example of a topical 
ophthalmic composition which can be used to treat glaucoma. 
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Formulate 



Para-amlno-clonldlne 0>293 * 

Hydroxypropylmethylcellulose-E50LV,(HPMC)USP 3.3 * 

Lysophosphatidyl choline (C18:0) o.03 

Ben2alkon1um chloride o >01 

01 sodium Edotate, USP 0 ] 01 

Sodium phosphate, monobasic, USP o.l8 

Sodium phosphate, dibasic, USP o.lE 

Mannltol, USP 3 ' 3 

HC1 , NF and/or NaOH, NF q!s. pH to 6.5+0.2 

Purified Water, USP q>f # m 



Equivalent to 0.25* + 2% excess para-amlno-cloMdlne as free 
base. 

Preparation, 

The formulation 1s prepared 1n two parts. The 
hydroxypropylmethylcellulose 1s first dissolved 1n purified water 
to make an approximately 10% solution. This solution 1s then 
clarified by filtration and sterilized by autoclavlng. 

The other Ingredients are next dissolved 1n 
approximately one-half of the purified water. The mixture 1s 
warmed to 40 + 5°C for approximately 30 minutes to complete 
dissolution of the lysophosphatidyl choline. The pH of the 
solution 1s adjusted to 6.5 and the solution 1s sterilized by 
sterile filtration. 
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The two solutions ire nixed aseptlcally, stirred, and 
the remaining purified water 1s used to bring the solution to 
final volume. 

WW12 
Formulation 



Inqr6d1ent CeneetitMtinn 8 M 

Potassium chloride g.02 

Monobasic potassium phosphate 0.02 

Sodium chloride 0 .80 

Dibasic sodium phosphate q.216 

Lysophosphatldyl choline C18:0 (Lysopc) 0.03 

Para-am1no-clon1d1ne <j.25 

Wat8r q.s. to 100% 



Procedure for Prtperitinn pj ftnntllitlitn 

Approximately 85% {8.5 ml) of the batch volume of 
purified water was added to a container. All of the Ingredients 
were then added to the container: 0.002g potassium chloride; 
O.oeOg sodium chloride; 0.0021g monobasic potassium phosphate; 
0.0216g dibasic sodium phosphate; 0.25g para-am1noclon1d1ne. The 
Ingredients were mixed well. 0.003g lysopc was added to the 
container and sonnkated with heat (30°C) for 30 minutes. The pH 
was adjusted to pH 6.0 with IN HC1 (0.20 ml). The solution was 
then filtered through a sterilizing filter Into a sterile 
receiving vessel. Purified water (q.s. to 10 ml) was then poured 
through the sterilizing filter and the solution was mixed well. 
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Twelve New Zeal ami albino rabbits were selected for 
evaluation of the penetration through the cornea of the para- 
amino-clonldlne formulation set forth above. All rabbits 
received 30 ul of the 0.25% para-ami no-clon1d1ne topically in 
both eyes. Four rabbits were sacrificed at 20 minutes from 
dosing and aqueous humor was withdrawn from their eyes. The 
aqueous humor was assayed by liquid scintillation counting to 
determine the amount of para-amlno-clonldlne 1n the aqueous 
humor. The same procedure was done on 4 different rabbits at 60 
minutes from dosing and on another 4 rabbits, 120 minutes from 
dosing. Twelve control rabbits received 0.25% para-amlno- 
clonldlne as set forth In the formulation above without 0.03% 
lysopc. Aqueous humor was withdrawn and assayed as explained 
above. The results are shown 1n the graph depicted in Figure I. 
It can be seen from the graph that the amount of para-amlno- 
cloMdine 1n the aqueous humor is greater 1n the rabbits treated 
with the formulation containing lysopc. At 60 minutes there Is 
almost a four fold Increase In the amount of para-amino clonldine 
found In the aqueous humor of those rabbits which received the 
drug 1n conjunction with lysopc versus those who received the 
drug without lysopc. Therefore, the results Indicate that lysopc 
enhanced penetration of para-amlno-clonldlne through the cornea. 

Example 3 
Formulation 

l Mred1 * n * Concentre™ *fwAn 

Monobasic potassium phosphate 0.067 
Dibasic potassium phosphate o. 137 

Hannltol 2 45 

m 7.t 

Lysophosphatldyl choline C18:0 (Lysopc) 0.03 
Para-amlno-clonldlne q.50 
Water q.s. to 100% 



WO 90/11079 



PCT/US90/01584 



12 



Procedure for Preparation of fonrnilatiftn 

Approximately 85% (8.5ml) of the batch volume of 
purified water was added to a container. All of the Ingredients 
were added to the container: 0.0067g monobasic potassium 
phosphate; 0.0137g dibasic potassium phosphate; 0.245g mannltol; 
0.7g PVA; 0.05g para-amino-clon1d1ne. The Ingredients were mixed 
well and stirred until all Ingredients dissolved Into a solution. 
0.003g lysopc was added to the container and sonMcated with heat 
(30°C) for 30 minutes. The pH was adjusted to pH 6.5 with NaOH. 
Purified water (q.s. to 10ml) was then poured through a 
sterilizing filter and the solution was mixed well. 

Twelve New Zealand albino rabbits were selected for 
evaluation of the penetration through the cornea of the para- 
am1no-clon1d1ne formulation set forth above. All rabbits 
received 30.)il of the 0.50% para-amino-clon1d1ne topically In 
both eyes. Four rabbits were sacrificed at 20 minutes from 
dosing and their aqueous humor was withdrawn from their eyes. The 
aqueous humor was assayed by liquid scintillation counting to 
determine the amount of para-am1no-clon1dine In the aqueous 
humor. The same procedure was done on four different rabbits at 
60 minutes from dosing and on another four rabbits, 120 minutes 
from dosing. Twelve control rabbits received 0.50% para-amlno- 
clonidlne as set forth in the formulation above without 0.03% 
lysopc and 7.0% PVA, Another 12 rabbits received 0.50% para- 
amino'Clonldine as set forth 1n the formulation above without 
0.03% lysopc. Aqueous humor was withdrawn and assayed as 
explained above. The results are shown in the graph depicted 1n 
Figure II. It can be seen from the graph that the amount of 
para-am1no-clon1d1ne 1n the aqueous humor 1s greater in the 
rabbits treated with the formulation containing PVA and PVA with 
lysopc. At 60 minutes there Is almost a 2.5 fold and 10 fold 
increase 1n the amount of para-amino-clonldine found in the 
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aqueous humor of those rabbits which received the drug in 
conjunction with PVA or with PVA and lysopc, respectively, versus 
those which received the drug without PVA or PVA and lysopc The 
results indicate that lysopc has enhanced penetration of para- 
amlno-cloMdlne through the cornea over PVA alone and para-ammo- 
clonldlne alone. 
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What Is claimed 1st 

1. A method of enhancing the penetration of an 
ophthalmic drug through the cornea, which comprises: 

topically applying to the eye an ophthalmic 
pharmaceutical composition comprising a therapeutically effective 
amount of the ophthalmic drug and an amount of a monoacyl 
phosphoglyceride effective to enhance corneal penetration of the 
drug. 

2, The method of claim 1 wherein the monoacyl 
phosphoglyceride has the formula: 



wherein, 

one of Rj and R2 Is H or hydroxyl, thiol, amino, alkyl, alkoxy or 
alkyl sulfide and the other 1s an esteHfled, etherlfled or 
am1d1f1ed aliphatic hydrocarbon group of 14 to 24 carbons, said 
aliphatic hydrocarbon group being substituted or unsubstltuted, 
with zero to 5 double bonds, and which can be straight chain or 
branched, and may be substituted with one or more aromatic, 
cycloallphatic or hydrophillc groups; and 
R3 1s choline, 0-chol1ne, 0-(C.H2)3-chol1ne, O-glycerol, 
0-carn1t1ne, O-inositol or O-lysophosphatidylglycerol . 
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3. The method of claim 1 wherein the monoacyl 
phosphoglycerlde Is selected from the group consisting of: 
lysoledthln, lysocardlollpln, lysodesoxyllplds, lysophos- 
phatidyl Inositol, lysophosphoryllplds and *C-lyso-r-0-alkyl or 
0*alkenyl phospholipids. 

4. The method of claim 3 wherein the monoacyl 
phosphoglycerlde comprises lysoledthln. 

5. The method of claim 1 wherein the monoacyl 
phosphoglycerlde concentration 1s about 0.001* to about 0.5%. 

6. The method of claim 5 wherein the concentration 1s 
about 0.01 to 0.1%, 

7. The method of claim 1 wherein the composition 
further comprises a polymer, protein or polypeptide. 1n an amount 
sufficient to provide the composition with a viscosity of up to 
about 1000 cps. 

8. The method of claim 7 wherein the composition 
comprises a polymer selected from the group consisting of 
alginates, carrageenan, guar, karaya, locust bean, tragacanth, 
xanthan, carbomer, hydroxyethyl cellulose, hydroxypropyl cellulose, 
hydroxypropylmethylcellulose, methyl cellulose, polyvinyl alcohol, 
polyvinyl pyrrolldone, carboxymethyl cellulose and agarose. 

9. The method of claim 8 wherein the polymer comprises 
hydroxypropylmethylcellulose. 

10. The method of claim 9 wherein the monoacyl 
phosphoglycerlde comprises lysoledthln . 
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11. The method of claim 10 wherein the lysoledthln 
concentration 1s between about 0.01% and 0.05% and the 
hydroxypropyl methyl cellulose is present In an amount sufficient 
to provide the composition with a viscosity of between about SO 
and 300 cps. 

12. An improved topical, ophthalmic pharmaceutical 
composition comprising: 

a therapeutically effective amount of an 
ophthalmic drug; and an amount of a monoacyl phosphoglyceride 
effective to enhance corneal penetration of the drug. 

13. The topical ophthalmic composition of claim 12 
wherein the monoacyl phosphoglyceride has the formula: 




wherein, 

one of Rj and R2 1s H or hydroxyl, thiol, amino, alkyl, alkoxy or 
alkyl sulfide and the other Is an esterlfled, etherlfied or 
amidlfied aliphatic hydrocarbon group of 14 to 24 carbons, said 
aliphatic hydrocarbon group being substituted or unsubstltuted 
with zero to 5 double bonds and which can be straight chain or 
branched, and may be substituted with one or more aromatic, 
cycloallphatlc or hydrophlUc groups; and 
R3 is choline, 0-choline, 0-(CH2)3-choline, O-glycerol, 
0*carn1tine, 0-1nositol or 0-lysophosphat1dylglycerol. 
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V, 



« 



14. The composition of claim 13 wherein the monoacyl 
phosphoglycerlde 1s selected from the group consisting of: 
lysoledtMn, lysocardlolipin, lysodesoxyliplds, lysophos- 
phat1dyl1nos1to1, lysophosphoryllpids and oC-lyso-r-O-al kyl or 
0-alkenyl phospholipids. 

15. The composition of claim 14 wherein the monoacyl 
phosphoglycerlde comprises lysoledthln. 

16. The composition of claim 12 wherein the monoacyl 
phosphoglycerlde concentration 1s about 0.001% to about 0.5%. 

17. The composition of claim 16 wherein the 
concentration 1s about 0.01 to 0.1% 

18. The composition of claim 12 which further comprises 
a polymer, protein or polypeptide In an amount sufficient to 
provide the composition with a viscosity of up to about 1000 cps. 

19. The composition of claim 18 wherein the composition 
comprises a polymer selected from the group consisting of: 
alginates, carrageenan, guar, karaya, locust bean, tragacanth, 
xanthan, carbomer, hydroxyethylcellulose, hydroxypropyl cellulose, 
hydroxypropylmethylcellulose, methyl cellulose, polyvinyl alcohol, 
polyvinyl pyrrolldone, carboxymethyl cellulose and agarose. 

20. The composition of claim 19 wherein the polymer 1s 
hydroxypropyl methyl eel 1 ul ose . 

21. The composition of claim 20 wherein the monoacyl 
phosphoglycerlde comprises lysoledthln. 



WO 90/11079 



18 



PCT/US90/01584 



22. The composition of claim 21 wherein the 
lysoleclthln concentration 1s between about 0.01X and 0.05% and 
the hydroxypropylmethylcellulose 1s present In an amount 
sufficient to provide the composition with a viscosity of between 
about 50 and 300 cps. 
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